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PORT HARDMARE DESCRIPTION 



1.0 PORT HARDHARE OfERflEH 

The KCl0"'s I/O architecture assuaies that the I/O subsystem 
is inteiligent. The CPU does not handle any ot the real-time 
aspects of doing input or output. Instead/ it nanipuiates queues 
of commands in maaiory. The ports read the coaaand queues and 
perfora the operations. 

Each of the KC10's ports can be vieiied as a special purposa 
computer. The purpose of each port is to control the physical 
and data link layers of its interconnect yith Blnlwui CPU 
overhead. The ports process the conaands in the queues, 
relieving the CPU of the details and real time interaction. The 
ports also handle received unsolicited messages froa devices or 
systems on the interconnects and place the data into queues where 
the GPU can «anipulate it. 

Each port is independent and competes with the other ports 
and the console for use of the TTL I/O BUS. Eight ports can be 
connected to the TTL I/O BUS in a KC10 mainframe. 

A KC10 port can have either three or four modules. The Port 
Data Mover and Port Processor modules are coaaon to both port 
types. The NI port's adapter is a single module. The CI port 
has a Packet Buffer module and a Link: module in addition to the 

processor and aata mover. 

THIS SECTIOM HILL EEPAID SOMEWHAT AT A LATER DATE 



2.1 PORT PROCESSOR DESCRIPTIOM 

The port processor module is a saall computer that takes its 
instructions from command queues in the KC10's main memory. The 
processor is microcode controlled and has IK x 36 bits of memory. 
The processor connects to the I/O bus, and the PLI. It also has 
several backplane connections to the data mover. 

The port processor uSes 2901s in its CPU and a 2910 for 
microprogram sequencing. CRAM (Control Random Access Memory) has 
4K uords of 68 bits. 



2.1 FQICTIOIAL DESCRIPTIOI 

Figure PRPl Is a blocic diagram of the port processor module. 
The block diagram will be used, along «i th other figures and 
tables, to describe the hardware and its operation. This 
description Hill not cover the specific microcode used for each 
of the adapters. The overall operation of both the CI and NI 
pOrts/ Including microcode/ will be covered in later sections. 
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PORT PROCESSOR 

2.1.1 BLOCK DIJICRAN OESCRIPTIOII 

This section gives an overall description of the port 
processor module on the block diagram and basic functional 
levels. 



2.1.1.1 I/O BOS DATA PATH 

The I/O bus connects to the I/Q bus buffer which is made up 

of 8646s, Receive data from the 8646s goes to the RAM DATA MUX 

and then into the RAM FILE. Transmit data coaes fron the RAM 

FILE through the OUTPUT BUFFER to the 8646s. Tna 86463 generate 
and check transsit and receive parity. The actual memory read 
and laefflory write functions are discussed later. 



2.1.1.2 PLI DATA PATH 

PLI output data fron the processor board is held in the PLI 
BUFFER. The PLI BUFFER is led team processor data patn bits 
24:31 for data and CRAM nuaber field bits 0:3 for control. 
Parity is developed on data path bits 24:31 and is transmitted 

with the data, 

PLI input data is fed directly to the DMUX (Data Bus 
Multiplexer) bits 0:7. DMUX inputs 8:31 coBe fro» data path bits 
0:23 when the PLI inputs are selected. This allows successive 
PLI bytes to be assembled Into the most significant 32 bits of 
the 36-bit word. The DMUX feeds the "0" inputs of the 2901s. 
Parity is checked on the PLI data lines. PLI parity error Is 
available as a test condition for the 2910, 



2.1.1.3 29«1 IHPOTS AID OOTPOTS 

The DMUX selects one of four inputs to be sent to the 2901's 
"0" inputs. See Figure PRP2 for DMUX outputs. The "¥»• outputs 
of the 2901s feed Data Path oits 0:35 (DP 0:35). The shift paths 

for the 29kSI's RAM shifter and Q REG shifter are controlled by 
the SHIFT MUXs. 
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2.1. 1.4 2910 DATA AID TEST IIPUTS 

The 2910 microprogram sequencar gets its four most 
significant direct input bits directly froa CRAM. The eight 
least significant bits co«e from the DMUX. See Figure PRP3 for 
the four possible sets of direct inputs to the 2910. 



The "TEST" input to the 2910 coaes 
total of 43 possible conditions to 
single 43 input test nultiplexer on the 
PRPl for a breakdOHn of the 43 inputs. 
MRX003 PROCESSOR 2910 
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block diagram. See Table 

DIRECT INPUTS 



♦ ♦ ♦ 

I CRAM J0 => J3 I CRAM J4 ===> Jll | CRAM DIRECT SiiLECT = i 

♦ + ♦ 

2910 Dll=======================:======== = ==========="===> D0 

♦ ♦ ♦ 

I CRaM Jii -> Jj i RAM tlLK i = = = > 7 1 CRAM DIRECT StLECT = 1 

♦ ♦-. « 1. 

I CRAM J0 => J3 I DATA PATH 16 ===> 23 I CRAM DIRECT SELECT = 2 

-». ♦ — — — ♦ 

♦ 4. ^ ^ 

I CRAM ja => J3 I CRAM J4 ==> J8 | INIR CODE 9 Sill CRAM DIRECT SELECT = 3 
♦ ♦- — ^- ♦ 

INTERRUPT codes: 

= DATA MOITER DONE 

1 = NOT USED 

2 = BELL 

3 = INTERRUPT SERVICE 

4 = LINK TRANSMIT ATTENTION 

5 = ANY ERROR 

6 = NOT USED 

7 = ACLO 

BITS 0:3 ARE ALWAYS CDwTROLLED Bx CRAN JkJ:J3 

BITS 4:11 APE PUT THROUGH A MUX BEFORE GOING TO THE 2910 



FIGURE PRP3 



PRELIMINARY INFORMATION PACKAGE 
PORT PROCESSOR 



Page 6 



I OCTAL I TESTED CONDITION 

I SELECT! 
i CODE I 

♦ + ^ — — 

I 00 I ALWAYS FAIL TEST — TIED TO GROONO 

> ♦ ■ -- 

I 01 \ BYTE COUNT DONE 

+ ^ ^ — 

I 02 I CI RECEIVER BUFFER 8 FULL NI RCVR ATTENTION 

* * ^ — 

I 03 I CI RECEIVER BUFFER A FULL Mi FREE LIST ERR 

+ ♦ "- 

I 04 1 Ci FIRST BUFFER NI CRC ERR 

♦ + 

I 05 I CI RUSB BUFFER A 

+ — — — -♦■ ^ — — — — - — — 

I 06 I CI BUSB BUFFER B NI FREE BUFFER ERROR 

> -«■ --^ 

I 07 1 CI CRC ERROR 

4. ♦ ^ 

I 10 I PORT PROCESSOR MEMORY CYCLE 

♦ --+ 

I 11 I CI ACKNOWLEDbE 

I 12 1 ADAPTOR BUSY 

♦ — + — . . -. ^^ ^ 

I 13 I TRANSMITTER BUSY MI LUSS OF CARRIER ERR 

♦ —I- — — ■ — — — — 

I 14 I PLI TRANSMIT ABORT NI S85 

I 15 I PLI CDA (Carrier Detect A) 

+—- • ♦' ' -— — — — — — -— — 

I 16 I CI CDB (Crrier Detect B) NI XMIT BUFF PAR ERR 

+ — ^ ♦— -^ 

I 17 I CI TRANSMIT BUFFER PARITY ERROR 

■•- ♦ — — — — -— — ■ — — — — 

t 20 I CI RECEIVER A ENABLE 

+ —4. — — — — . 

I 21 K MQS ECC ERROR 

4. + — — — - — — - 

I 22 I WORD COUNT = 

♦- ♦•— — — . : »_— 

I 23 1 TRANSMITTER ATTENTION 

■»•— ■♦• — 

I 24 I DIAG TEST B 

Port Processor 2910 TEST 
TABLE PRPl 



I OCTAL I TESTED CONDITION 

I SELECTI 
I CODE I 

•♦— ♦ ~ -— — 

I 25 I NI END OF FRAME 

♦——__♦—-—————---—-- ———————— — 

I 26 1 I/O BUS PARITY ERROR 

♦——-•I- — --————-— .__-—— ———— — 

I 27 1 PLI PARITY ERROR 

>— — 4- — — 

I 30 I DOORBELL 

♦ +— - — -— 

I 31 I 2901 OVERFLOW 

♦- — - — — |. — ._...._«..»_«•_«-,___———-- — 

I 32 i 2901 SIGN 

♦.——-#.— ———- ■ — 

I 33 I PRP RAM FILE PARITY ERROR 

♦ + — ^ — — -— — 

I 34 I 2901 CARRY OUT 

♦ ♦— — — -— — — — 

I 35 I MOVEP TAG 

♦ — -- — -♦ -—--—- — 

I 36 I ALWAYS TRUE — TIED HluH 

4,— —.«-_4. — —— — — — — — — —-- — -- — ——-- — — — — 

I 37 I FAULT CYCLE 

*• ♦■ -— — — --— ----- 

I 40 ! TIED HIGH 

♦ 4.—-—-— — — -—-——— — — — — 

i 41 i SET BELL 

♦.———+—-———-————————— — 

I 42 I INTERLOCK OBTAINED 

4. 4.—-—- — -— —————-—, 

I 43 I PREVIOUS TEST 

♦— --4.—-. — ———--- — - — — — — -, 

I 44 i ANY ERROR 

4.- — -.___4.- — — — ————-- — -- — -- — ——- — ——-- — 

I 45 i GRANT SEEN 

♦ - ♦ — ^ — — — — 

I 46 I NOT MOVER ERROR 

4. -. — 4. — - — - — — — — ^ 

I 47 I ACKMOMLEDGS ERROR 

4. 4..——— — — -— — — — — — 

I 5X i 2901 FUNCTION = 

4. 4.—— ^ — -— — 

I 5X 1 INTERRUPT 

4. 4. — _«_- ——_---— — .-.»_ __-—-——— — 

I 7X I RECEIVER ISTERLOCKED 

4. 4. .- — — «--._ __--—-—---— — -- — 

Inputs MRX004 



PRELIMINARY IMFDRMATIQN PACKAGE Page 7 

PORT PROCESSOR 



2.1.1.5 CRAM DATA PATH 

CRAM is loaded via ttie port scan path uader the control of 
the console. The scan path registers are in parallel ulth CRAM 
address and data lines. The scan path can also control randon 
logic in the port. Because the scan path Is in parallel nlth 
CRAM and 2910 outputs it can be used to monitor nicrocode 
sequences for debugging or diagnostic purposes. 

The control lines from CRAM are used throughout the port 
processor for controlling its operation. 



PRELIMINARY INFORMATION PACKAGE 
PORT PROCESSOR 



Page 8 



2.1.1.6 PORT PROCESSOR MICROHORD 

Figure PRP4 shows the port processor's nicrouord with 
associated field definitions. A more coaplete description of the 
fields is in the PORT HARDWARE SPECIFICATION. 
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BITS 00:11 = NEXT ADDRESS FIELD OR "J" FIELD — Bits J0:J3 of this field are applied directly to the 2910 "D" inputs on the 
port processor board. Bits J4:J11 can also be applied to the **D" inputs through the DIRECT ADDRESS MUX. 
J4:J11 are also used to "JAM" a starting address for the mover microcode on tiie DATA M3VER board. 

BITS 12:13 = DIRECT SELECT FIELD OR "SMUX" FIELD — This tuo-bit field Is used to select thie sotirce of DIRECT ADDRESS 4:11 
through the direct address mux. See DMX10.FI6 



BITS 14:23 

BITS 24:26 
BITS 27:32 



MAGIC NUMBER FIELD — Used to address the port processsor's RAM and for various data constants. 

2901 DESTINATION CONTROL FIELD -- Ussd to control atiere data g03s In the 29ais. 

FUNCTION AND SOURCE FIELD — Bits 27:29 control the FUNCTION field of the 2901s wtilie bits 30S32 control the 
SOURCE field of the 2901s. 
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BITS 33:36 
BITS 37:40 



PORT A ADDRESS — This field is used to address the 2901's internal RAM file through its "A" port. 

The "A" port can be applied to either side of the ALU or to the Y outputs without going through the ALU, 

PORT B ADDRESS — This field is used to address the 2901's internal RAM file through its "8" Port. 

The "8" [>ort only goes to the "S" side of the ALU. The 3 port address is also the write address to the 

RAM file. 

MRx310 



FIGURE PRP4-1 
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00 11 14 23 27 32 37 40 43 45 52 55 60 62 66 
1 11 111 lit! I I I i I 

^.- ♦ + ♦ + ♦ ♦-- ♦ + -♦-♦—»•— ♦ -♦ — _♦-+-♦-♦-— ♦-♦-4- 

1 NXT ADDR ISMI MAGIC # iDESf SRC/ I PftTAI PRTBI SM iCl 11 Hi TEST ICONTI SPC|I |G IP| D |P|M| 
I I Xi 11 FUMC I AODI AODIHXI I 1T| COND 12910|F(JNl IFtSlHIXI IKI 

+ — 4- + ♦ + + +-— 4- ♦-♦-♦-♦-- ♦ .4...-4.-.f>-l—4- ♦- *•- ♦ 

II II II II I I I I I I I I I 

12 13 24 26 33 36 41 42 44 46 51 56 59 61 63 65 67 

BITS 41:42 = ALO SHIFT MUX S£L — This field controls the shift input nux to select different sources of shifted data. 

For shifting LEFT 

Sel 00 RAM 35 gets RAM 30 Q35 gets Q00 (36 bit shift loop) 

Sel 01 RAM 35 gets carry In a35 gets RAM 00 

Sei 10 RAM 35 gets Q00 Q35 gets RAM 00 <72 bit shift loop) 

Sel 11 RAM 35 g«»ts zero Q35 gets zero 

For shifting RIGHT 

Sel 00 RAM 00 gets RAM 35 Q00 gets RAM 35 (36 bit shift) 

Sel 01 RAM 00 gets DP00 Q00 gets RAM 35 (keep sign) 

Sel 10 RAM 00 gets Q35 Q00 gets RAM 35 (72 bit shift) 

Sel 11 RAM 00 gets Q00 gets 

BIT 43 = CAPkY BIT — This bit controls the external carry in to the least significant 2901. 

dIT 44 = INDEX BIT -- If this bit is on, the 5 MSBs of the port processor's RAM address will come froas the INDEX reg. 
This alloirfs addressing of the local lemory as 32 sections of 32 locations. If tie bit is off, the local RAM 
Is addressed frow f field 0:9* 

BIT 45 = WRITE BIT — This bit is used «hen the port processor «rites its local RAM. 

BITS 46:51 = TEST CONDITION SELECT — This field is used to select a condition to be tested by the 2910- See PRTTES.TBL 

BITS 52:55 = 2910 CONTROL FIELD — This field is used to control the 2910. See laCTL.TBL 

BITS 56:59 = SPECIAL FUNCTION — This field controls various miscellaneous logic apart fro« the 2901s and the 2910. 

BIT 60 = TIME BIT — Several functions in the port processor requlrs 2 cycles to coaplete. The T bit must be set for 

these functions. 
BIT 61 = GET PLI - This bit disables DATA MOVER control of the PLI and enables the PORT PROCESSOR control of the PLI. 

BIT 62 = SELECT PLI — This bit selects the PLI arid causes a PLI cycle. What actually happens is adapter dependent. 

The PLI control lines are driven by number field 0:3. The PLI data line drivers are inhibited if #4 is on and 
enabled if #4 is off. 

BITS 63:65 = D MIXER SELECT — This field selects which inputs get through the DBUS MIXER to the 2901 "D" inputs. See DHIX.FIG 
BIT 66 = PARITY — Used to set overall odd parity for the mlcroword. 

BIT 67 = Hk9K — Used lor deougging. Can be used as a SYNC for scopes or logic analyzers. Does not affect operation. 

MRX011 

FIGURE PRP4-2 
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2.1.1.7 RAMFILE READ AID HRIfE 



The local 
for local st 
operations don 
of the port's 
In figure PRP5 
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Write data from the 2901s to the ramfile goes through the 
memory data »ux. This mux Is used to select either data froa the 
port processor or data froB the I/O BUS into the ranfile. The 
I/O BUS path is used for KC10 memory data requested by the port 
processor. 

Parity is generated on the data to be iirittei to the ranfile 
by the parity generator/checker. Bad parity can be forced 
through the scan path. The Mord Mlth knoun-aad parity can then 
be read to check out the parity circuits. 



2.1.2 KC10 MEMORf READ/HRITE 
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2.1.2.1 READ 

To read KC10 memory the port processor Must write a coamand 
address Mord to the RAMFILS with a read co««and In bits 0:3 and 
the physical address of the «ord(s) to be read in bits 12; 35. 
The port processor must then do a special function 3 (START 
MEMORY) ulth the nuaber field pointing to the RAMFILE address 
where the coniaand address word is located. This requests the I/O 
BUS and latches the address of the coaaand address word into the 
address latch and the address counter. 

When the bus grant signal is received^ the co««and address 
word is read out of the ramflle and put on the I/O BUS, along 
with the port's tag and CA cycle/ through the output buffer and 
the tranceivers. The raaifile's address counter is also 
incre»««nted to point to the location following the coanand 
address word. 

Two I/O BUS cycles after the comaand address word is 
transmitted the port checks for ACK froa the lOBOX. ACK tells 
the port that the comaand address word was received by the lOBOX 
with correct parity. If kCK is not received, the port must 
assume that the IGBJX rejected trie word because of oad parity. 
Parity is generated in the port tranceivers on the 36 data bits 
plus tag bits 0:3# CA cycle, and cycle. 

The port processor iaust wait for the data from the aeaaory 
before using the ramflle. Hardwired logic locks out the port 
microcode from the ramfile until the read operation is co«plete. 
The microcode «ust abort t^e niemory cycle to access the ramfile 
before the memory operation is complete. The microcode checks 
for errors nhile waiting for the data from memory. ACK ERR is 
one of the errors which is checked while waiting. 

(More complete description of errors will be done when the 
microcode for error handling is firmed up.) 

When an I/O BUS data cycle with the port's tag is detected, 
the data on the I/O BUS is parity checked in the tranceivers and 
written into the ramfile at the location pointed to by the 
address latch and address counter. This will be the location 
following the command address word. If the read is for four 
words, the counter is incremented and the next three words wilt 
be written into consecutive ramfile locations during the next 
three bus data cycles. 
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2.1.2.2 HRITE 

To write data to KC10 memory the port processor loads the 
conmand address yord and data words to be written Into 
consecutive ranfile locations. The port processor then does a 
special function 3 to request the I/O BUS and iatch the raafile 
address of the coamand address word into the address latch and 
address counter. 

When the port processor receives an I/O BOS grants the 
connand address word is put on the 1/0 BUS and the address 
counter is incre«ented. On the next bus cycle^ the first data 
word is put onto the I/O BOS along with D CYCLE. If a four-word 
write is being done/ the address counter increments on each D 
CYCLE until the fourth word has been put onto the 1/0 BUS. 

Two I/O BUS cycles after each word is transferred, ACK froa 
the I080X is checked. Therefore/ five ACKs are expected for a 
four word write starting two cycles after the cowmand address 
word is transferred and finishing two cycles after the last data 
word was transferred. 

t^FM i i 

GRANT i ~~ I 

DATA I cIT~dT~oT~oT~D I 

ACK I —j— p- J-~— J 

DATA TRANSFER — ACK RELATIONSHIP MRx013 

ERROR HANDLING WILL BE DESCRIBED WHEN IT IS BETTER DEFINED 
PROBABLY SOMETIME AFTER THANKSGIVING FOR A FIRST PASS 



2.1.3 PLI RCAO HRITE 

The port processor can read the PLI at any tlae. The data 
lines of the PL! are tied directly to bits 0:7 of the 2901 DMUX. 
whenever the DmUx Held is a one, the PLI data is available on 
the output of the OMUX. The Microcode sinply has to select the 
"D" Inputs as a source for the 2901 while the DMUX field equals 
one. 

Noraally the port processor asust put a coamand on the PLI 
control lines to cause the adaptor to put data on the PLI data 
lines. The coaaaiana is sent, and data is read, during the same 
ffllcroinstructlon. The port processor can, however/ sliply 
monitor the PLI data lines .ihile the data mover is using the PLI 
for diagnostic purposes. 
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Parity Is checlced on the PLI data lines and PLI PAR ERR is 
available as a test condition to the 2910, To check the parity 
on data being read, the aicrocode aust select PLI PAR ERR as a 
test condition while doing the read coaaiand. There is no latch 
for PLI parity errors. 

To write the PLI, tae Get PLI and SELECT PLI mlcroHord bits 
must be on. The Get PLI bit disables the data moirer's PLI 
drivers and enables the port processor's PLI control Unas. The 
control lines are driven from nuaber field bits 0:3. Muiiber 
field bit 4 and Get PLI control the enables to the port 
processor's PLI data drivers. Hunber field bit 4 thus controls 
the direction of the data lines on the PLI when the port 
processor has it selected. 

The PLI data drivers are connected to bits 24:31 of the port 
processor's data path. Parity is generated on oits 24:31 of the 
data path and transmitted along with the data. Bad parity can be 
forced via the scan path. 



2.1.4 DATA MOVER CONTROL 
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3.0 PORT DATA MOfER OESCRIPTIOH 

The port data nover's function is to Move blocks of data between 
the port adapters and systen fflemocy. The data mover can pack or 
unpack data in any of four aodes; core du«P/ high density. 
Industry compatible, and 7-blt ASCII. 

The data mover is a slave of the port processor. The port 
processor must set up the data mover for doing a data transfer 
and then start it. Once started, the data aover transfers a 
block of data between the adapters and systea memory without 
intervention by the port processor. When the data mover is done, 
it notifies the port processor and ifaits. 

The data mover has lKx44 bits of CRAM sequenced by a 2910 
microprogras sequencer. It Interfaces to the PLI on the adapter 
side and the TTL I/Q BOS on the system memory side. There are 
also several direct connections to the port processor. 



3.1 DAT* NOfER rOICTIOIAL DBSCRIPTIOI 
3.1.1 DATA MOfEB BLOCK OIACRAN DESCRIPTIOI 

Piqure PRMl is a basic blocic diagram of the port data mover. 



PRELIMINARY liiFORMATIDN PACKAGE 
PORT DATA MOVER 



Page 16 



SHIFT REG PAR 0:7 



+ 

>| 

I 



■•I- 
I 
I 



i' 

10 BUS 
\ 



\\ 
I 
•/! 
I 
I 
I 
I 
\ 
I 
! 



I 
I 
---I-— f 

TTL BOS 
XCVRS 

PRH5 
8646s 



<== BUFF MOVER ADD 
FF MEM ADD 



/- 



I 

+ 4. — 4. 

! RD/WRT I- 
I CONTROLI 
I PRMC I 
4. 4. 



INPUT 
PARITY 
•>| PRM3 ! 

I 

+ V — ♦ 

•\l INPUT !• 

I BUFFER I 
•/I PRM3 I- 

I «T RDI 

+-/\ ♦ 

>♦=== BU 

-I OUTPUT I 
I BUFFER I 
-I PRH6 |\ 

I «T R0!<== BUFF HEM ADD 

*-i\ "-♦^ 

I, «.-_ 

II- BUFF 
♦•-+♦- ♦ 

•>| ADO CTRSI 

iPRH6 t 

1 I 

+ — — + 



SHIFT 
MIXER 
PR Ml 



4. __-. 

I + 

I I ♦• 

I ♦— M 

I I 

♦ /I 

I 

♦ \| 40 BIT 

I 0:351 

I ♦— /I 

I I ^ 



SHIFTER BITS 0:35 



36-aiT PAR 
MOVER ADD 

==> BfJFF MEM ADD 
!— > EMPTY 
— > FULL 



*•■ 

\I 

I 

/I 

I 
I 

+ I 
vt 

BITS 4:35 I 
/I 

IN ===>! 

I 

I 

♦ \| 

-♦ 8:711 

♦—/I 
-♦ I *. 
I ♦ 

I 



SHIFTER 
PRM2 



PLI 



72 BIT 



--♦ 
I 
I 
I 
I 
I 
I 

--♦■ 

— ♦ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
— ♦ 



I 
I 
I 

0:7 I 
I 



■♦■ 

I- 
I 

l< 
-♦■ 



OUTPUT 
PARITY 
PRM7 

I 

PLI OOTI 
BUFFER |: 
PRM7 I 

— — ♦ 



•> 35-BIT PAR 
- PLI RECD PAR 



TO SHIFTSR<= 
BITS 64:71 



+- 

I 

I 

I 

♦- 



SCAN 

REG 

PRM8 



I 
I 
I 



2910 
PRM8 



MOVER GO 

FULL 

EMPTY 

XMIT BUFF RDY orDIAG TEST 

RCVR BUFF B FULL or EOF 

ilORD CT = 

BC DONE = i' 

♦ 3 V 



♦•- • 
->|0 
->ll 
->|2 
->|3 
->|4 
•>|5 
->|6 
->|7 



TEST 

MUX 

PRM8 



DIRECT ADD 
FROM CRAM 



7:3 

8:11 



PRPG 



I 
— \ I 

4:11 >|D 

— / I 

GND==>|D 
I 

> I TEST 

I OE 
♦ •_<. 

I 
I — 

START MOVER — ♦ 



/ V 

t i 

I i 

V / 
.-.__4. 4._.^._. ..... 

¥ 0:9 CRAM ADD 2:11 
-.— — 4. «. ..-.—., 

/ \ 

I I -CRAM AODR 
I I 4211 

I CRAM i 

lADD BUFFI 

— ->| PRM8 I 

♦--- — ---♦ 

/ \ 

f I 
4. I 

PRPC CRAM J4:J11 | 

-._--— ---—4. 



♦ • 

I 
A| 

I 
/I 
I 
i 
I 



:=ss>-f4.<=:=>PLI DATA 

II (8 8IT) 

II 

II 

11 

♦ \/— ♦ 

I PLI IN I 

-\ BUFFER i 

I PRM7 I 

■I— — — — •■ 



4.......... 4. 

I SCAN I 

I REGS I 

1 PRM9:B I 
4..-..— ..-4. 

/ \ 

I 1 
..♦ \ / 

CRAM I ♦ ♦ \ 

PRM9:B I 43 CONTROL \ 
LINES / 

♦ ♦— / 

I I 



I 

I- 

f 

1 

I 



I 
1 



\ / 

--4. 

PAR 1 
CHK i 
PRMB I 

4- 



Figuca PRMl 



Data Mover Basic Bloctt Diagram 



MRxgl4 



PRELIMISlARy ISFQRMATI0{< PACKAGE Page 17 

PORT DATA MOVER 



3.1. 1.1 I/O BUS DATA PATB 

Data froa the I/O bus enters the data mover board through 
the bus trancelvers CPRM5) where It Is checked for parity and 
then sent to the Input Buffer (PRM3). The input buffer is a 
four-word register file which is called a 4X4 aeaory on the 
prints. The input buffer can be read and written slmultaneously- 
Data read froaa the input buffer goes to the Shift Mixer (PRMl) 
and the Shifter (PRM2), 

Data to the I/O BUS comes from the «o»er shift register bits 
0:35 to the output buffer. The output buffer is another set of 
4X4 aeaories. when four words have been loaded into the output 
buffer/ a memory request is initiated. Data fron the output 
buffer goes to the trancelvers and then to the I/O BUS. 

The input and output buffers are addressed by separate 
counters (PRM6) for read and write addresses. One counter is 
controlled by the mover aiccocode and the other by the read-write 
logic. The control of the two counters switches between the 
read-write logic and the microcode depending on the direction of 
the transfer. A separate counter keeps track of whether the 
buffer in use is full Oi eapty. The outputs of this tnirci 
counter are available to the alccoprogaa sequencer as test 
conditions. 



3.1.1.2 PLI DATA PATH 

Write data to the PLI cones fro« oits 0:7 of the shifter to 
the PLI output buffer (PRM7). Parity is developed fron bits 0:7 
on the shift register output <PRM2) and is gated through the 
buffer with the data, PLI control data comes froa the PLI 
control field of the data «over nlcroword and is gated through 
the output buffer with -GET PLi which is the negated signal from 
the port processor. 

Data is read froa the PLI into the PLI input mux (PRM7). 

This mux is used to shift Incoming data in core dump mode and to 

force zeros in industry compatible mode. Parity is checked on 

the PLI data bits and is generated on the most and least 

significant 4 bits. The data then goes to shifter bits 64:71 

where It is used to assemble 36-bit data words. 



3.1.1.3 IITERIAL PABIfT 

The data mover does not generate and check parity on its 
internal data paths. Parity is checked as data enters the moduls 
and is generated as It leaves. Internally, a sort of parity 
prediction technique is used. 
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When data enters the data mover from the PLI, the parity Is 
checked. Either this parity or the parity generated on the «ost 
or least significant 4-bits from the PLI is gated into the 
predictor. When the proper number of bytes for the data packing 
mode in use have been received^ the predicted parity is stored in 
the output buffer along with the data word. When the word is 
read out of the output buffer and parity is generated for the I/O 
BUS/ the stored bit is compared to the generated bit. If the 
bits are not the same, some sort of error occured in the data 
mover. 

When data enters the data mover from the I/O BUS, two parity 
prediction bits are generated and stored in the input buffer 
along tilth the corresponding data uord. One bit is 36-bit parity 
yhich is generated on the data mover module. The other bit is 
the exclusive-or of the odd output and parity for bits 32;35. As 
each byte is transferred over the PLI, its parity bit Is also put 
into the prediction circuit. When an entire uord or iiord pair 
has been transferred/ the aggregate parity is checked. If the 
predicted parity does not agree with wnat yas transmitted, there 
was an error in the data mover somewhere between the I/O BUS 
transceivers and the PLI output. The error can only be detected 
after the entire input uora or woras nave oeen transferred over 
the PLI, (For more detail see section 16.2.14 of the port spec.) 



3.1.1.4 SHIFTER DATA PATH 

The shifter and shift multiplejter are used to convert data 
between 36-bit data words and 8-bit bytes. Together with the PLI 
mux, the shifter data path can convert data back and forth 
between 8-bit PLI bytes and 36-bit KC10 words in four formats. 
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ssmtimed 00111111 11112222 22222233 3333 00000000 00111111 11112222 22222233 3333 

01234567 89012345 67890123 4567S901 2345 0123456? 89012345 67890123 45673901 2345 
\ / \ / \ / V / \ / \ / \ / \ / 

IIODSTRf COMPATIBLE: 4 8-blt bytes per word. 4 LSBs in uord are forced to 

0000B000 00111111 11112222 22222233 3333 00000000 00111111 11112222 22222233 3333 
01234567 89012345 67890123 45678901 234S 01234567 89012345 67890123 45678901 2345 
\ / \ / \ / \ / \ / \^ / \ / \ / \ / V / 

CORE DUMPS 5 B-blt bytes per Hord, 4 MSBs in 5th byte are forced to 0. 4 LSBs of 5tb 
byte contain 4 LSBs of uord. 

00000000 00111111 11112222 22222233 33330300 00000011 llllilll 22222222 22333333 
01234567 89012345 67890123 45678901 23450123 45678901 23456789 01234567 89012345 
\ / \ / \ / \ / V / V / \ / V / v / 

HI6R DERSITTS 9 8>bit bytes per 2 words 

0000000 0001111 1111112 2222222 2233333 3 0000000 0001111 1111112 2222222 2233333 3 
0123456 7890123 4567890 1234567 8901234 5 0123456 789fl?3 4*^67890 1234557 8901234 5 
\ / \ / \ / \ / \ / \ / \ / \ / \ / V / 

7-81? ASCII: 5 7-bit bytes per word. LS8 in each word is forced to 

MRxl06 

The foliouinq discussion uses the data sover shifter bit 
maps in addition to the basic block diagram. 
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HRx01«) DATA MOVER SHIFT DATA PATH BIT MAPS 

SHIFT REG/MUX 

{0 ==:=s=^^> SHIFT CLK 00-35 ====================> 35| 36===========> SHIFT CLK 36-71 :===============> 71| 2 SEGMENT CLOCKS 

+ ♦— — ♦ ♦ 00-35 

I SHIFT MIX ===> 39 f INPUT BUFFER BITS 4 ===> 35 I SEL = 35-71 

+ ^.^ ♦ 

— ^ SEGMEST SELECTS 

10 ==> SHIFT SEL 00:15 ==>|16 ====> SHIFT SEL 16s39 ====>! 40 =========> SHIFT SEL 48:71 ========"===:==>i 00:15 

+ — ^ ♦ ♦ 16:39 

I SHIFT REG 8 —==========> 71 I BYTE IS 64 ==> 71 I SEL = 1 40:71 

♦ — -^ ♦ ♦ 

PLI INPUT MUX (DISABLED ON INDUSTRY COMPATIBLE 8YTE-5) = ZEROS 
I PLI INPUT 7 ====> ? I SEL = 

+ ■ -4- 

BITS o4 ================-==============-> 7i 

♦ -. -♦ — -♦ 

tPLi INPUT 3 ==> I ZEROS 1 SEL = 1 (CORE DUMP BYTE 5) 

+ 4- <- 

BITS 64 ============> 67 58 ============> 71 

HOVER SHIFTER INPUT MUX OUTPUTS 

^. ♦ ♦ ♦ 

I INPUT BUFFER BITS "> 31 I SHFT REG 68:71 | INP BUFF 32:35 I SELECT = 

^ : ♦ ♦ ♦ WRITE CORE DUMP 

BITS =s==:r=====s====s-===s===s=========s====-=====:=ss=s===s==> 31 32 =:=:=s:s=ss=> 35 36 ====s==="=> 39 OR HIGH DENSITY 0:31 

CORE DUMP 32:39 

+ *■ — ♦ 

I SHIFT REG 36 ==> 71 I IHP BUFF 00:03 I SELECT = 1 

^ — ^ ♦ ♦ SHIFT LEFT 36 

BITS ==:========:======r========:x=s===r====================ss=s:==s=:=s===:===x====> 35 36 = = = ========> 39 32:39 HIGH DENSITY MRUS 

> ♦ 

I SHIFT REG 33:39 I 41 ==> 47 | 49 ==> 55 I 57 ==> 63 I 65 ==> 71 f64| ZEROS I SELECT = 2 

* ♦ ASCII READ 

BITS ============> 6 7 =========> 13 14 ===s====> 20 2l ========> 27 28 =======> 34 35 36 =======> 39 

+ — + «. 

I l\ INP 8UF BITS 0:6 I Z| 7 ===> 13 1 Z| 14 ===> 20 I Zl 21 "-> 27 1351 28 ===> 34 | SELECT = 3 

♦—4. *■ ASCII «RITE 

BITS 1 ====="=== = ==> 7 8 9 ======= = > 15 16 17 ========> 23 24 25 ========> 31 32 33 ====== = "==> 39 
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Data in the shift register can be shifted left 8 bits while 
reading a byte tvom the PLI into bits 63:71 (shifter select = 1). 
For high density mode/ this occurs 9 times to "build" tMO 36-bit 
data words. The left Mord Is sent to the output buffer and the 
right iiord is shifted left 36 bits while reading the next byte 
from the PLI (shift mux sel = 1, shifter sel 0!l5 and 16:39 -H, 
shifter sel 40:71 =1). If there Is an open buffer slot, the 
second word is transferred to the output buffer and the process 
repeats. If no buffer slot is open, three aore PLI bytes will be 
read into the shifter while waiting. This can be done because 
the shifter's right and left halves are clocked separately. When 
a buffer slot opens, the word in the left half of the shifter Is 
transferred to the buffer and five more bytes are read froa the 
PLI to refill the shifter. 

In industry cowpatible aRode, four bytes ar« read frosn the 
PLI (SHIFT SELs all = 1) and a fifth byte of zeros is inserted 
(PLI MUX DISABLED). Four aore bytes are then read froa the PLI. 
If the output buffer has an empty slot, the left word is written 
to It. Another byte of zeros is inserted and four more bytes are 
read from the PLI. This process repeats until the byte counter 
equals zero. 

Core dump mode resembles Industry compatible mode in the way 
bytes are assembled into KC10 words. Four bytes are read and 
shifted left. The final four aits come fro« the least 
significant four bits of the fifth byte read from the PLI. The 
PLI input mux shifts these bits four places and zeros the 
reaalnlng bit positions (PLI MUX SEL = 1). Four more bytes are 
read, shifting the first assembled word left, along with the new 
bytes. At this point there is one conplete KC10 word in the 
shifter and most of another. If an output buffer slot is open, 
the first word is transferred. The operation repeats itself froa 
the point where the fifth byte is read in core duap mode until 
the transfer is complete. 

For ASCII mode reads, five bytes are read froa the PLI and 
Shifted left. The five bytes are "squeezed" into a 36 bit data 
word while reading the first byte of the next word froa the PLI 
(SHIFT SEL 00:15 AND 16:39 = 0, 40:71 = 1, SHIFT MOX SEL = 2). 
The conversion to packed 7-bit ASCII format is accomplished in 
the shift multiplexer using select - 2. If a slot is available, 
the word Is written to the output buffer. If no slot is 
available, three more bytes are read froa the PLI into the right 
half of the shifter, when a buffer slot opens up, the word In 
the left half of the shifter is written to the buffer and the 
read operation continues until the transfer is complete. 

In high density write operations, the first word of a pair 
Is taken froai the input buffer and put into tne left half of the 
shifter using the shift mux (select for bits 0:31 = 0, select for 
bits J2J39 = 1). The second word of the pair is then placed in 
the right half of the shifter (bits 0:3 using the shift mux bits 
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36:39 and bits 4:35 going directly to shifter bits 40:71). After 
both uords of the pair are in the shifter, the PLI will be 
written nine tiaes fron shifter bits 0:7. The remaining data in 
the shifter shifts left 8-bits after each transfer. This process 
will be repeated until the transfer is complete. The transfer 
MU5I be a multiple of 2 36-bit data words. 

In core dump write operations, Dits 0:31 of each word are 
written to the left half of the shifter through the shift mux 
(select 0:31 = 0>. Bits 32:35 of the data word are written to 
bits 36:39 of the shifter through the shift nux (select 32-39 = 
0). Bits 32:35 of the shifter are fed from bits 68:71. 

In industry compatible write operations, bits 0:31 of the 
data word are sent to the shifter through shift aux bits 0:31 
(select 0*31 = 0). The 32 bits are written over the PLI in four 
8-bit bytes with the rest of the data word shifting left 8 bits 
after each word is written. 

In ASCII write node, the 36-bit k:c10 word is sent to the 
shift MUX where it is expanded to 40 bits in shifter bits 0:39 
(select = 3). A zero bit Is appended to the MSB of each 
character, converting it trom l-bit to 8-bit ASCII. The five 
characters are transferred over the PLI and the operation repeats 
until the transfer is coaplete. 



3.1. l.S MlCROCODi SBQOBHCIIC 

The data mover uses a 2910 nicroprogran sequencer chip to 
control nicrocode flow. The data mover only has IK of nicrocode 
space, so only 10 bits of the 2910 are used. The 2910's direct 
inputs are fed directly froia the alcroword's direct address field 
2:11. 

The test input of the 2910 is driven from an eight input 

MUX, The source for the test is selected by the TEST SEL field 

of the microword. The conditions that can be tested are as 
follows: 

1. MOVER GO 

2. FULL — The input or output buffer is full. 
3- EMPTY — The input or output buffer Is enpty. 

4. DUG TEST 

5. RCVR BUFFER n FULL 
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6. WC = 

7. BC DONE 

8. TIED HIGH — aLuays qualified. 

When the port processor sets up the data mover it first nust 
set up the word and byte counters (discussed later) on the port 
processor board. When the conditions are ready to start the data 
movers the port processor "jams" a nlcrocode address using Its 
JFIELD (J4:J11) and the START MOyER bit. The START HOVER bit is 
tied to the Output Enable lines of the 2910 and the CRAM ADOress 
BUFFer. The signal disables the 2910 and enables the address in 
the port processor J field through the buffer and onto the CRAM 
address lines. 

The data mover then executes whatever microcode routine that 
Mas forced by the port processor. Mhen it finishes the transfer, 
the data mover goes back Into its idle loop aMaiting another 
command from the port processor. 



3«i.l.6 DATA NOfER MICROHORD 

The data aiover's microcode is 44 bits uide ay IK deep. The 
word is broken down as follows: 
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MRX021 Data Mairer Mlcroaord 

1 10 14 15 18 20 22 27 32 34 35 37 39 41 42 

♦_-♦ ♦ ♦ ♦-^ * ♦-^— ♦ ♦— ♦ -.+—♦—♦ ^..-♦--♦—♦— ♦—♦——*.— ♦ 

IMKI DIRECT ADDRESS I TEST |SMIX|SMIX| SHIFr|CK|CK| PLI IS I 2910 ISPl BF! BVTEl LOIP II |SP|MV| PARjP I 
1 I J PTCTD I MUX I0;31|32>9| CONT 10 136| CQNTROLfP I CONTROLl I I 5 | PI I BC I I 01 SELITSI 

l^^l 1_-!I._.^ ♦ ♦ ♦ -♦- «.— ♦— ♦-^ — ♦ — ♦ — - — — ♦ — ♦• — «• — »♦-_♦-.♦—♦—♦ — ♦ ♦— ♦ 

"g 11 13 16 17 21 23 26 28 31 33 36 38 40 43 

= MARK BIT 

= DIRECT ADDRESS FIELD TO THE 2910 «D" IHPOTS. ALSO CALLED JUMP FIELD. 

= TEST INPUT MUX SELECT TO THE 2910. 

= SELECTS FOR BITS 0j31 OF THE SHIFT MIXER. 

= SELECTS FOR BITS 32:39 OF THE SHIFT MIXER, 

= SHIFT CONTROL FIELD FOR THE SHIFTER. 

= CLOCK CONTROL FOR BITS S35 OF THE SHIFTER. 

= CLOCK CONTROL FOR BITS 36s71 OF THE SHIFTER. 

= PLI CONTROL BITS. THESE BITS DRIVE THE CONTROL LINES OF THE PLI. 

= pLi SELECT. 

= 2910 CONTROL 

= SPARE BIT A 

= CQUHT 4X4 MEMORY ADDRESS. 

= CONTROLS HUM THE FIFTH BYTE OF A 36 BIT WORD IS TREATED, 
= HQ'W 1 = INDUSTRY COMPATIBLE 2 = CORE DUMP 

= LOAD PARITY OUT — USEO TO GENEKATE 35 BIT PARITY TO L3^D THE OUTPUT BJFFSRS. 

= CRAM PARITY BIT „ ^ „„„«. 

= INCREMENT BYTE COUNT — USED TO INCREMENT THE BYTE COUNTER FOR THE PLI DATI TRANSFERS. 

" SPARF BTT B 

= MOVER DIRECTION — USED TO CONTROL THE PLI OUTPUT DRIVERS. THIS MUST BE A ONE TO ENABLE THE DRIVERS. 

= USED TO SELECT THE METHOD OF CHECKING RECEIVED DATA PARITY. 

BIT 43 = PARITY TEST — USED TO ENABLE CHECKING OF RECEIVE PARITY. 

3.1.1.7 CRAM LOAD PATH 

3.1.2 PLI TO MENORT READ OPERATIOI 

3.1.3 MENORT TO PLI HRITE OPERATIOI 
4.f PLI BOS 



BIT 







BITS 


lil0 


BITS 


11! 


13 


BITS 


14j 


115 


BITS 


16s 


17 


BITS 


18j 


;20 


BIT 


21 




BIT 


22 




BITS 


23: 


!26 


BIT 


27 




BITS 


28! 


!31 


BIT 


32 




BIT 


33 




BITS 


34J 


:35 


BIX 


36 




BIT 


37 




BIT 


38 




BIT 


39 




BIT 


40 




BITS 


; 41; 


:42 
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S.f PACKET BDFPER DESCRIPTIOR 
6.0 CI LIIK DESCRIPTIOR 
7.0 RI ADAPTER DESCRIPTIOR 

AVAILABLE 

8.0 CI PORT FOHCTIOIAL DESCRIPTIOR 
9.0 RI PORT PORCTIORAL DESCRIPTIOR 
10.0 MSCP DISK TRARSPERS 
11.0 TERNIRAL ARD ORIT RECORD HARDLIR6 



